SUMMARY A 6.5-year prospective study of cerebral infarction among residents 40 years and older was conducted at the Akadani-Ijimino district in Shibata City, Niigata Prefecture, Japan. The response rate for the initial examination was 85% of 1,182 males and 93% of 1,469 females. Nine hundred and sixty males and 1,339 females who were initially free of stroke were followed up from July 1977 through December 1983. Statistically significant risk factors for cerebral infarction appeared to be age, elevated blood pressure, high R, ST-T changes and atrial fibrillation on ECG, and albuminuria. The ECG abnormalities and albuminuria were due to the high blood pressure persisted over a long period of time. The strength of association of blood pressure with cerebral infarction got weak in comparison with other factors, and funduscopic changes which had been regarded as a risk factor for stroke in 1965-1974 did not reach statistical significance because of the spread of the community-based hypertension control. Even in 1977-1983 when Japanese dietary habits were westernized, neither hyperlipidemia nor obesity appeared to be related to the development of cerebral infarction.
City, Niigata Prefecture, for the purpose of evaluating the risk factors for stroke after the second half of the 1970s. This city is divided into nine administrative districts. Of them, the Akadani-Ijimino district (hereinafter referred to as A-I district) was selected randomly. A baseline examination was carried out in 1977 when the consent of the residents, medical association and administrative organs was obtained. Nine hundred and sixty men and 1,339 women who were initially free of stroke have been followed up ever since. In this preliminary report, we deal with results of the 6.5-year observation for occurrence of cerebral infarction which shows the highest incidence among the subtypes of stroke. Standardized person-year incidence ratio for cerebral infarction has been determined among subgroups stratified according to risk factors present at the time of the baseline examination.
Methods
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The city of Shibata covers an area of 434 square kilometers and is located in the northern part of Niigata Prefecture. It includes a commercial residential area in the center and an agricultural area around it. According to the secular trend of the age adjusted death rate from stroke, Shibata was one of the districts showing the highest rate in Japan before 1970, but thereafter the rate fell off rapidly and became lower than the national rate in the latter half of the 1970s. In the agricultural area, however, the mortality and morbidity of stroke are still a little above the national average. 3 produced on a relatively large scale and a mountainous part several hundred meters above sea level which has a small scale of agriculture. The majority of the families are farmers who supplement their income with side-jobs in other occupations. The rise in the income of individual farmers in A-I district, accompanied by a rapid improvement in living standards, has already surpassed the income level of urban households centering on wage earners.
Initial Examination
Using all the inhabitants aged over 40 years, that is, 1,182 men and 1,469 women as the population eligible, an initial examination was conducted in July, 1977. The details of the method are as described in previous reports.
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The questionnaire solicited information on the demographic characteristics, past medical history, family medical history, subjective symptoms, smoking, drinking, dietary habit, physical activity and status of antihypertensive medication. The smoking habit was divided into non-smokers, ex-smokers and smokers. The smokers were asked about the average number of cigarettes smoked a day. The amount of alcohol taken was expressed as the amount of ethanol per kg of body weight per day.
The body mass index, BMI = (body weight in kg) x 10 4 /(height in cm) 2 , was calculated to express the degree of over-or underweight. Subcutaneous skinfolds were measured with a calibrated caliper (National Institute of Nutrition, Tokyo). Triceps skinfold was measured on the back of the unclothed pendant right arm at a level midway between the tip of the acromion (most lateral margin of the acromion process of the scapula) and the tip of the olecranon (a point determined at the tip of the elbow with the forearm flexed at an angle of 90°; the mid-point is marked with a skin pencil). Subscapular skinfold was measured to the nearest millimeter on the unclothed back just below the tip of the right scapula, with the subject standing in a relaxed position. Values for triceps and subscapular skinfolds were individually tabulated and later summed.
The casual blood pressure was measured using a Riva-Rocci sphygmomanometer. The standard procedure recommended by WHO for indirect determination of blood pressure was followed so as to minimize the error and bias of the measurement. The diastolicpressure level was, as a rule, determined by the perception of disappearance of sound, Swan's fifth phase.
The electrocardiogram at rest was recorded in 12 leads using an electrocardiograph with computer-assisted analytical programs (Nihon Koden, Fukuda M-E, Fukuda Denshi, Tokyo), and the findings were classified by the Minnesota code.
As for funduscopic examination, the right eye was photographed with a non-mydriatic fundus camera (Canon, Tokyo). With a 35 x 35 mm color film projected on a screen, the Scheie and Keith-Wagener classifications were made after discussion between three physicians including an ophthalmologist.
Using venous blood drawn without regard to the time of the previous meal, determination was made of hemoglobin, red cell count, white cell count and platelet count by Coulter SR (Coulter, Fla) and of hematocrit by the capillary method. After serum was separated by centrifugation, determination was made of serum protein with a refractinometer (Atago, Tokyo), serum protein fraction by the cellulose-acetate membrane electrophoresis (stained with Ponceau S), serum lipoprotein fraction by the cellulose-acetate membrane electrophoresis (stained with oil red O), and serum total cholesterol with Auto Analyser AA-II (Technicon, NY). As to the control over the accuracy of serum total cholesterol measurement, the standardization was achieved by participation in the Lipid Standardization Program of the Center for Disease Control, Atlanta, Ga through the Osaka Prefectural Center for Adult Disease, Japan.
Urine samples were collected approximately 2 hours after a meal and the level of albumin and glucose determined by use of Uristix (Ames, Miles-Sankyo, Tokyo). Follow-up Excluding those who were diagnosed as having the past history of stroke on the initial examination, the subjects were designated as the cohort members. They have been on the follow-up observation since July, 1977. The present paper reports results of the observation up to December, 1983 .
The occurrence of stroke in this cohort was determined using both active surveillance and registry. Under the surveillance system, all cohort members were reexamined annually using the same examination procedures as at baseline. Those who failed to undergo the follow-up examination were contacted by telephone or visited at their home by a staff member to determine whether or not a stroke occurred. The stroke registration system has been in effect across Shibata City including A-I district since January, 1976. The details of this system were described in the previous report. Of the patients identified through the methods mentioned above, the survivors were examined by a neurologist of the staff within three weeks after onset. Clinical information was collected from the relatives of the patient and the attending physician, whether the patient was dead or alive. All information comprising signs and symptoms at the attack, results of the physical examination, hematological findings and results of special procedures including computed tomography (CT) and cerebral angiogrpahy was considered jointly by three physicians including a neurologist and an epidemiologist specializing in stroke to determine if the case met the criteria for stroke. An attempt was made to diagnose the anatomical subtype of stroke: cerebral infarction, cerebral hemorrhage, subarachnoid hemorrhage or undetermined type.
14 " 16 Since the Niigata Prefectural Shibata Hospital, the only general hospital in Shibata City, and the nearby Kitakambara County As for the CT classification of stroke, see Appendix.
Hospital at Suibara are equipped with CT, the CT findings played a decisive role in the diagnosis of stroke in this study. Classification of stroke by CT findings was also made in accordance with the method shown in Appendix. Stroke in this study refers to the case where a rapidly developing focal disturbance (or global disturbance in the case of deep coma and subarachnoid hemorrhage) of the brain due to the vascular lesion and its signs and symptoms last more than 24 hours or till death. Clinically, it includes cerebral infarction, cerebral hemorrhage and subarachnoid hemorrhage. Transcient cerebral ischemic attack (TIA) was excluded from this definition. The details of differential diagnosis of the stroke subtype have been published elsewhere. 15 -l6 Analyses Since the free living population was employed as the subject, there were some drop-outs from the cohort due to death, migration and other reasons during the follow-up period. The incidence of cerebral infarction was determined by the person-year method so as to make maximum use of data.
The cohort members were divided into two groups according to the presence ( + ) and absence (-) of a factor confirmed in the baseiine examination. In the case of the continuous variable, the mean value (m) and standard deviation (a) were computed and the value above m + a was taken as the presence. For each subgroup, the standardized person-year incidence ratio, SIR, was calculated. The SIR is the ratio of the observed number to the expected number of cerebral infarction. The expected number is the sum of products of the sex-, age-specific person-year incidence rate in the corhort and the person-years by sex and age in the subgroup under study. The sex-, age-adjusted risk ratio was computed by the equation of Rofhman and Boice. l7 The statistical significance was determined by X 
The value above m + a was taken as the presence ( + ) in the case of the continuous variable. *Mean arterial blood pressure = Vi systolic blood pressure + Yi diastolic blood pressure. tECG findings were classified by Minnesota Code, and analyzed only when the percent of those with the code to the cohort members was more than one. fThe percent of the persons with the presence to the cohort members in the case of the discrete variable.
§Body mass index (BMI) = (body weight in kg) x ^/(height in cm) The association of an independent variable with the risk of cerebral infarction when taking into account the effect of all other risk factors was measured by the multiple logistic function. 2a ' 22 The maximum likelihood method of Walker and Duncan was used for estimation of the parameters. 22 From the factors which showed a statistically significant difference in the analysis of SIR, several factors were selected with the correlation coefficients between the factors taken into consideration. In addition to these factors, sex and age were taken as independent variables of the function.
Results
Response Rate and Person-year Incidence of Cerebral Infarction
As shown in table 1, the response rate of the initial examination was 999/1,182, 84.5% for men and 1,360/1,469, 92.6% for women. Those who were diagnosed as having past history of stroke by a neurological examination by the staff and records kept by the attending physician were broken down to 39 men and 21 women. With these persons excluded, 960 men and 1,339 women were used as the cohort followed. For 6.5 years of observation, 118 men and 96 women died from all causes, and 23 men and 43 women moved out. There were 63 new cases of stroke between July, 1977 and December, 1983. Thirty-four of them were subclassified as cerebral infarction, 10 as cerebral hemorrhage, 6 as subarachnoid hemorrhage, and 13 as undetermined type of stroke. Results of the CT classification of cerebral infarction are as shown in table 2.
The stroke subtype analyzed epidemiologically in this report is only cerebral infarction. The person-year incidence of cerebral infarction, as presented in table 3, increases with age and is higher in men than in women.
RISK FACTORS FOR CEREBRAL INFARCTION/ra/M*a et al
Baseline Characteristics and SIR for Cerebral Infarction
The SIR and the risk ratio for cerebral infarction on the basis of the presence or absence ascertained at baseline are shown in table 4. Statistically significant risk ratios for cerebral infarction were observed for the systolic, diastolic and mean blood pressures, high R, ST-T changes and atrial fibrillation on ECG, and albuminuria. Ophthalmoscopic changes which had been regarded as a relatively strong risk factor for cerebrai infarction in the epidemiologic studies conducted in Japan from 1965 to 1974 were not statistically significant. Indices related to obesity such as BMI, subcutaneous skinfolds and upper arm circumference did not reach a statistically significant level either. The risk ratios were less than one among those who had elevated serum total protein, total cholesterol, /3 lipoprotein %, or pre /? lipoprotein %, although not significant.
Multivariate Analysis
In addition to sex and age, the diastolic blood pressure, atrial fibrillation on ECG and protein in urine were selected as independent variables of the multiple logistic function from among the factors shown to be statistically significant by the SIR analysis. Standardized coefficients estimated by the maximum likelihood are presented in table S. In this table, a negative sign preceding the value indicates that the factor had a negative relationship to risk of cerebral infarction, while no sign before the value indicates that the factor was associated with the development of cerebral infarction. The statistically significant association for cerebral infarction was with age, diastolic blood pressure, atrial fibrillation on ECG, and albuminuria.
Discussion
Nonrespondents for the initial examination were 183 men and 109 women. Among these nonrespondents, 5.5% of the men and 11.0% of the women were hospitalized, and 9.3% of the men and 15.6% of the women were treated at out-patient clinics for one disease or another. The percent of the so-called bed-ridden patients cared for at home was 7.7% for men and 12.8% for women. Having no time during the day to receive the examination because they were at work in factories, offices or stores was the main reason given by the nonrespondents with no disease. In Japan where the health insurance system covers the medical ex- penses including physicians' consultations, laboratory examinations, prescriptions, drug administrations and hospitalization bills, the mass medical examination free of charge are not necessarily attractive. So, it is difficult to attain the response rate higher than the one obtained in this study. However, the city-wide stroke registration system 14 enabled us to follow up the nonrespondents separate from the respondents. The SIR for all strokes in nonrespondents during the observation period was 2.56 (p < 0.01). Thus the nonrespondents were assumed to be the high-risk group for stroke.
The number of new patients with cerebral infarction during the observation period was much smaller than the one predicted at the time this study was planned. According to our Taisho Study for 1967-1977, 23 the person-years were 6,159 for men and 7,655 for women, while the number of new patients with cerebral infarction was 46 for men and 35 for women. Taisho is similar to A-I district in the life style and other environmental factors which appear to be related to the development of stroke. As the person-years in the present study reached almost the same number as in Taisho for both men and women, results of epidemiologic analyses were considered to stand comparison. In Japan, however, the mortality and incidence of stroke tend to decrease. 4 -24 As A-I district was no exception, 3 the incidence of cerebral infarction was only half that in Taisho. Thus, sufficient cases were not obtained for detailed statistical analyses, particularly, for the multiple logistic function analysis. So, a final conclusion should be drawn when a sufficient number of patients have been obtained. Fortunately, however, the comparison of observed and expected cases per decile of risk for the maximum likelihood estimation of the function parameters indicated a good fit with 1.023 of the regression coefficient of observed on expected by decile.
One of the sources of error in the epidemiologic studies of stroke was clinical diagnosis. 25 26 In Japan, CT has spread nationwide since around 1975, and the rate of correct diagnosis of stroke has become high. Patients in A-I district who used to be cared for at home by attending physicians have come to be hospitalized and undergo special procedures such as CT and angiography. However, autopsied cases of stroke are still very limited in number for traditional or religious custom.
Elevated blood pressure, be it the systolic, diastolic or mean arterial pressure, appears to raise the risk of cerebral infarction. This is consistent with other reports. 23 - 27 "" However, the values for the risk ratio in the present study are slightly smaller than those of the studies during the period from 1965 to 1974 in Japan.
23 27~29 According to the multivariate analysis, the strength of the association of blood pressure with cerebral infarction becomes relatively weak compared with other factors. This is probably because the communitybased control of hypertension has been implemented thoroughgoingly since 1970 in A-I district. As for the criterion for the factor present, the mean value (m) + standard deviation (a) for all the cohort members is adopted. In A-I district, the value of m + a for the blood pressure was the systolic pressure 160 mm Hg and diastolic pressure 95 mm Hg around 1965, but decreased to 150 mm Hg and 90 mm Hg respectively in the latter half of the 1970s. The frequency of the systolic pressure 180 mm Hg or more and/or diastolic pressure 110 mm Hg or more in persons aged 40-69 years decreased from 10-20% to 5-15%. 2 That high R and ST-T changes on ECG are risk factors for cerebral infarction in this study is in agreement with the reports already published in Japan. 23 27 " 29 Characteristically, however, atrial fibrillation has become a statistically significant risk factor. Atrial fibrillation in rheumatic heart disease, particularly with mitral stenosis, is accepted as one of the factors for systemic embolism. 34 When results of the initial examination and past history of 25 persons diagnosed as having atrial fibrillation at baseline were examined, atrial fibrillation due to rheumatic heart disease was found in only one individual. Likewise, the past history of coronary attack was found in only one case. On the other hand, cardiac failure was found in 3 persons and hypertensive cardiovascular disease in 20 persons. The aged persons accounted for the majority with 10 in their 60s and 11 aged over 70 years. Accordingly, many of the persons with atrial fibrillation in this study were of the aged in whom a relatively high blood pressure persisted over a long period of time.
Albuminuria was found in 155 persons during the initial examination, and they showed a statistically significant risk ratio for cerebral infarction. Alubuminuria may be due to hypertension or arteriosclerotic renal dysfunction, because only 19 of those with albuminuria had chronic nephritis or nephrosis.
Hypertensive and arteriolosclerotic changes in the ocular fundus graded above II by the Scheie or KeithWagener classification have been regarded as strong risk factors for not only cerebral hemorrhage but cerebral infarction in the Japanese.
23 27~29 Therefore, taking a photograph of the eye ground with a camera has been widely adopted as one of the screening tests aiming at prevention of stroke. In the present study, however, it has produced no statistically significant results. That is probably due to the incidence of cerebral infarction being lower than predicted and to the frequency of those with K-W II and above having fallen off, although nothing definite can be said because data for A-I district in 1965-1974 are not available, data at baseline depend on the non-mydriatic fundus camera which has a little larger false negative rate than the camera which requires dilation of the pupil, 35 and serious observer differences are noted in grading vessel caliber and retinal lesions. 8 According to a study having a large number of subjects, the frequency of persons with K-W or Scheie II and above decreased from 16.7% in 1971 to 7.4% in 1980. 36 On the other hand, the proportion of those with abnormal ECG findings (Minnesota code: 1-1, 1-2 Even today when the westernization of the life style has considerably advanced, hyperlipidemia does not appear to be concerned with the development of cerebral infarction in the Japanese. However, the Japanese in their teens and 20s now were born and brought up at the time the westernization advanced, and they have no experience with the age of privation before, during and just after the World War II. It would be necessary to put them under the surveillance for cardiovascular disease and to study the risk factors for cerebral infarction when they have become 40 or more years of age.
In conclusion, the age, elevated blood pressure, abnormal ECG and albuminuria appear to be risk factors for cerebral infarction in A-I district after 1977. The influence of abnormality in the lipid metabolism, obesity and smoking on the development of cerebral infarction is small. Thus, it may be said that the risk factors for cerebral infarction in the Japanese are simpler than those for myocardial infarction and cerebral infarction in the Western countries.
Since CT has made it possible to classify cerebrovascular disease finely, international comparison of the incidence and risk factors of finely classified stroke will be the subject for investigation in the future.
